Molecular mechanism of the enterococcal aminoglycoside 6'-N-acetyltransferase': role of GNAT-conserved residues in the chemistry of antibiotic inactivation.
The Gram-positive pathogen Enterococcus faecium is intrinsically resistant to aminoglycoside antibiotics due to the presence of a chromosomally encoded aminoglycoside 6'-N-acetyltransferase [AAC(6')-Ii]. This enzyme is a member of the GCN5-related N-acetyltransferase (GNAT) superfamily and is therefore structurally homologous to proteins that catalyze acetyl transfer to diverse acyl-accepting substrates. This study reports the investigation of several potential catalytic residues that are present in the AAC(6')-Ii active site and also conserved in many GNAT enzymes. Site-directed mutagenesis of Glu72, His74, Leu76, and Tyr147 with characterization of the purified site mutants gave valuable information about the roles of these amino acids in acetyl transfer chemistry. More specifically, steady-state kinetic analysis of protein activity, solvent viscosity effects, pH studies, and antibiotic resistance profiles were all used to assess the roles of Glu72 and His74 as potential active site bases, Tyr147 as a general acid, and the importance of the amide NH group of Leu76 in transition-state stabilization. Taken together, our results indicate that Glu72 is not involved in general base catalysis, but is instead critical for the proper positioning and orientation of aminoglycoside substrates in the active site. Similarly, His74 is also not acting as the active site base, with pH studies revealing that this residue must be protonated for optimal AAC(6')-Ii activity. Mutation of Tyr147 was found not to affect the chemical step of catalysis, and our results were not consistent with this residue acting as a general acid. Last, the amide NH group of Leu76 is implicated in important interactions with acetyl-CoA and transition-state stabilization. In summary, the work described here provides important information regarding the molecular mechanism of AAC(6')-Ii catalysis that allows us to contrast our findings with those of other GNAT proteins and to demonstrate that these enzymes use a variety of chemical mechanisms to accelerate acyl transfer.